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Abstract

Objectives: Gross motor skills (GMS) are a vital component of a child's development. Monitoring levels and
correlates of GMS is important to ensure appropriate strategies are put in place to promote these skills in
young children. The aim of this study was to describe the current level of GMS development of children aged
11-29 months and how these levels differ by age, sex, BMI and socio-economic status. Design: Cross-sectional
study. Methods: This study involved children from 30 childcare services in NSW, Australia. GMS were
assessed using the Peabody Developmental Motor Scales Second Edition. Prevalence was reported using the
gross motor quotient and both raw and standard scores for locomotor, object manipulation and stationary
subtests. Socio-demographics were collected via parent questionnaires. Analyses included t-tests, chi-square
tests, one-way ANOVA and linear regression models. Results: This study included 335 children (mean age =
19.80 ± 4.08 months, 53.9% boys). For the gross motor quotient, 23.3% of the children scored below average.
For the GMS subtests, 34.3% of children scored below average for locomotion, 10.1% for object manipulation
and 0.3% for stationary. Boys were more proficient in object manipulation than girls (p = 0.001). GMS were
negatively associated with age and a higher socio-economic status (all p < 0.05). There were no associations
for BMI. Conclusions: This is the first descriptive study to show the prevalence of below average at locomotor
skills in toddlers is higher than reported in normative samples. Early commencement of GMS promotion is
recommended with a focus on locomotor skills and girls' object manipulation skills.
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ABSTRACT

12

Objectives: Gross motor skills (GMS) are a vital component of a child’s development. Monitoring

13

levels and correlates of GMS is important to ensure appropriate strategies are put in place to promote

14

these skills in young children. The aim of this study was to describe the current level of GMS

15

development of children aged 11 to 29 months and how these levels differ by age, sex, BMI and

16

socio-economic status.

17

Design: Cross-sectional study.

18

Methods: This study involved children from 30 childcare services in NSW, Australia. GMS were

19

assessed using the Peabody Developmental Motor Scales-2. Prevalence was reported using the gross

20

motor quotient and both raw and standard scores for locomotor, object manipulation and stationary

21

subtests. Socio-demographics were collected via parent questionnaires. Analyses included t-tests, chi-

22

square tests, one-way ANOVA and linear regression models.

23

Results: This study included 335 children (mean age = 19.80±4.08 months, 53.9% boys). For the

24

gross motor quotient, 23.3% of the children scored below average. For the GMS subtests, 34.3% of

25

children scored below average for locomotion, 10.1% for object manipulation and 0.3% for stationary.

26

Boys were more proficient in object manipulation than girls (p=0.001). GMS were negatively

27

associated with age and a higher socio-economic status (all p<0.05). There were no associations for

28

BMI.

29

Conclusions: This is the first descriptive study to show the prevalence of below average at locomotor

30

skills in toddlers is higher than reported in normative samples. Early commencement of GMS

31

promotion is recommended with a focus on locomotor skills and girls’ object manipulation skills.

32

Key words: locomotor skills, object manipulation, stability skills, motor development, motor

33

competence, early childhood, children

34

35
36

INTRODUCTION
Gross motor skills (GMS) are a vital component of a child’s development1. GMS involve

37

movements using the large muscles in the body and can be divided into locomotor skills, object

38

control skills, and stability skills. Locomotor skills are movements that transport the body through

39

space (e.g. run, jump and gallop), object manipulation skills are movements that control and

40

manipulate an object through space (e.g. kick, throw and catch), and stability skills (stationary)

41

involve the ability to sense and adjust to shifts in the relationship between body parts that alter one’s

42

balance1.

43

Models on motor development have emphasized the importance of GMS competence during

44

childhood to reach advanced motor behavior for specialized movements and sports throughout life2,3.

45

The cognitive developmental theory by Piaget (1953) also emphasized the importance of movement

46

for increased cognitive development in especially the early years of life4. Research has shown that

47

poor GMS competency has been associated with lower levels of physical activity5, reduced cognitive

48

abilities6, unhealthy weight status5 and lower cardio respiratory fitness5. In order to develop gross

49

motor skills, appropriate learning opportunities and practice, specific instruction, encouragement, and

50

feedback are required as these skills do not develop naturally1,7.

51

Levels of GMS competence in children have decreased over recent decades8-10, which is

52

concerning given the number of unfavorable health and developmental outcomes associated with poor

53

GMS competency. It is therefore important to examine and monitor levels of GMS and associated

54

correlates in children, to ensure appropriate strategies are put in place to prevent further decreases and

55

promote GMS development.

56

To date, few studies have examined levels and correlates of GMS in young children (<5

57

years)9-12. An Australian study assessed gross motor skills in 330 children across 60 preschools (mean

58

age = 4.4 ± 0.4 years; 52% boys)9. Results revealed almost 75% of the children mastered the run, but

59

skill mastery was lower for other skills: gallop (31%), hop (25%), jump (22%), strike (14%), catch

60

(20%), kick (35%), and throw (16%). In India, motor development scores reported among 300

61

children aged between birth and 60 months revealed ‘average’ scores for the stationary, locomotion

62

and object control subtest compared to the US norms11. In Portugal, 540 children aged 36-71 months

63

were assessed12. Portuguese pre-schoolers performed above US norms on the stationary subtests, and

64

below US norms on the locomotion and object control subtests. Studies in children (aged 3-12 years)

65

show that GMS levels differ by sex and type of skills. Generally, boys perform better at object

66

manipulation skills than girls13,14, whereas findings are equivocal for locomotor skills9,13,14. Regarding

67

balance skills, girls tend to outperform boys14. Other correlates identified in systematic reviews

68

include age (increasing)13,14, physical activity (more)13,14, weight status (healthy)13, pre-school based

69

programs (presence)14, and socio-economic status (higher)13.

70

Promoting GMS in young children, e.g. toddlers, might be an important avenue to target poor

71

GMS competence and promote healthy developmental trajectories for life. In these early years of life,

72

the brain and central nervous system grow rapidly as new connections or synapses between cells are

73

formed15. This makes these years critical for a child’s overall as well as motor development16. Early

74

commencement of interventions to promote GMS has also been recommended in systematic reviews

75

on GMS interventions7 and a previous pilot study has shown that interventions aimed at enhancing

76

GMS development in toddlers can be effective, feasible and acceptable17. However, to design optimal

77

and appropriate intervention programs, more information about GMS levels and correlates among

78

toddlers is needed to identify those at most need of further intervention and how to intervene. The

79

aims of the current study were to describe the current level of GMS of Australian toddlers aged 11 to

80

29 months and to describe how these levels differ by age, sex, BMI and socioeconomic status.

81
82
83

METHODS
This cross-sectional study was conducted concurrently with baseline data collection of the

84

Get Up! Study. This was a 12-month 2-arm parallel group cluster randomized controlled trial

85

evaluating the effects of reduced sitting time on toddlers’ cognitive development18.

86

Children were recruited from Early Childhood Education and Care (ECEC) services across

87

New South Wales, Australia. Information on selection procedures and eligibility criteria for the ECEC

88

services and participants are described elsewhere18. Data collectors participated in a two-day training

89

involving instructions and practice sessions regarding the measurements. Prior to data collection,

90

written informed consent was obtained from the participant’s parents or caretakers. The study was

91

approved by the Human Research Ethics Committee of the University of Wollongong, Australia

92

(HE15/236).

93

GMS were assessed using the GMS subtest of the Peabody Developmental Motor Scales

94

Second Edition (PDMS-2)19. This assessment tool has been validated in children aged 0 through 5

95

years and consists of three subtests: stationary, locomotion and object manipulation. While

96

performing the item, children were assessed on their performance according to the scoring options

97

provided (i.e., “2 – The child performs the item according to the criteria specified for mastery”, “1 –

98

The child’s performance shows a clear resemblance to the item mastery criteria but does not fully

99

meet the criteria”, or “0 – The child cannot or will not attempt to perform the item, or the attempt does

100

not show that the skill is emerging”). Per item, children had three trials to receive a score of 2. The

101

entry point of the test was determined by the child’s age and the child receiving a score of 2 on the

102

first three items. If a child was not able to meet these requirements, the test was administered

103

backwards until the child reached three consecutive ‘2’ scores. The assessment finished when a child

104

received a score of 0 on three consecutive items. The total amount of points accumulated on a subtest

105

(raw score) was converted into a standard score using the examiner’s manual19.

106

Standard scores were labelled ‘Very superior’, ‘Superior’, ‘Above average’, ‘Average’,

107

‘Below average’, ‘Poor’ and ‘Very poor’. The Gross Motor Quotient (GMQ) was derived from the

108

standard scores. Due to small numbers, children labelled ‘Very superior’, ‘Superior’ and ‘Above

109

average’ were grouped as ‘Above average’ and children labelled ‘Below average’, ‘Poor’ and ‘Very

110

poor’ were grouped as ‘Below average’ for analysis.

111

Standardized procedures were used to measure height and weight. The child was lightly

112

dressed while heavy coats, pocket items, shoes and diapers were removed. Body Mass Index (BMI;

113

weight (kg)/height (m2)) was calculated using height and weight measures. More detail on the

114

assessment procedures has been published elsewhere18.

115

Information on the child’s date of birth, sex and socio-economic status was collected via

116

parent questionnaires. Socio-economic status was determined based on the Australian Socio-

117

Economic Index for Areas (SEIFA Index), mother’s education, mother’s employment and family

118

income. The SEIFA Index was developed by the Australian Bureau of Statistics and ranks areas

119

according to relative socio-economic disadvantage. This index ranges from 1; most disadvantaged, to

120

10; least disadvantaged, is based on the postcode and was categorized as low (decile 1-3), middle

121

(decile 4-6) and high (decile 7-10). Mother’s education was categorized as no schooling/did not

122

complete primary school, primary school or equivalent, Year 10 or equivalent, Year 12 or equivalent,

123

trade/apprenticeship/certificate, university degree, and post-graduate qualification. For the purpose of

124

analyses, the groups ‘no schooling/did not complete primary school’, ‘primary school or equivalent’

125

and ‘Year 10 or equivalent’ were combined given the low numbers in those groups. Mother’s

126

employment was categorized as full-time employment, part-time employment and unemployed.

127

Family income was categorized as one parent earning <A$580/week, both parents earning

128

<A$580/week each, one parent earning <A$580/week and one parent earning A$580-A$1240/week,

129

both parents earning A$580-A$1240/week or one parent earning <A$580 and the other parent earning

130

>A$1240, one parent earning A$580-A$1240/week and other parent earning >A$1240, and both

131

parents earning >A$1240/week.

132

SPSS version 2120 and STATA version 1321 were used for data analyses. Descriptive

133

analyses were presented as mean ± standard deviation (SD) and percentages. Sex differences were

134

examined using Mann-Whitney and two-tailed student’s t-tests for not normally and normally

135

distributed continuous variables, respectively. Chi-square tests were conducted for categorical

136

variables. Given the rapid development of children at this young age and the age range of 1.5 years,

137

GMS were also examined separately for children below and above 20 months (corresponds to mean

138

and median for age). A one-way ANOVA with post-hoc Bonferroni analysis was conducted to

139

examine differences between the four subgroups: girls and boys below 20 months, and girls and boys

140

above 20 months. Standard scores were used for analysis to compare scores across sex and age.

141

The associations between socio-demographic factors and GMS were investigated using linear

142

regression procedures in STATA accounting for clustering of ECEC services. The GMQ was used for

143

this analysis as this is recommended in the manual19. All selected variables were independently

144

entered into linear regression models to investigate associations with GMS. These models were then

145

adjusted for sex and age. The significance level for all tests was set at p<0.05.

146

147

RESULTS

148
149

In total, 335 children aged 11 to 29 months (mean age = 19.80±4.08 months, 53.7% boys)
completed all GMS measures and were therefore included in this study.

150

The prevalence of GMS and descriptive statistics are reported in Table 1. Results show 23.3%

151

of the children scored below average, 69.8% of the children scored average and 6.9% of the children

152

scored above average for the gross motor quotient. For the different subtests, the number of children

153

scoring below average was 34.3% for locomotion and 10.1% for object manipulation. Only one child

154

performed below average on the stationary subtest (0.3%).

155

Data on socio-economic variables were collected in 59%-100% of participants depending on

156

the individual variable from the parent questionnaire. For mother’s education, 10.0% reported a

157

highest education of Primary school, Year 10 or equivalent; while 16.1% reported a highest education

158

of level Year 12 or equivalent. Regarding mothers’ employment status, 9.1% reported to be

159

unemployed. Family income was reported to be below $580/week in 5.1% of the families.

160

---- Insert Table 1 here----

161

Table 2 (and figure S1) reports the prevalence of GMS for boys and girls separately by age.

162

Boys performed significantly better than girls in object manipulation, both below and above 20

163

months (p < 0.005). Results of the ANOVA revealed differences between groups for locomotion (F

164

(3,331)

165

significant differences for locomotion, where girls below 20 months scored better than boys above 20

166

months (MD = 1.346; d = 0.324; p < 0.001), and boys below 20 months scored better than both boys

167

and girls above 20 months (MD = 0.682; d = 0.211; p < 0.05 and MD = 0.876; d = 0.391; p < 0.05

168

respectively). For object manipulation, boys below 20 months scored better than girls above 20

169

months (MD = 0.898; d = 0.216; p < 0.05).

170

= 9.473, p<0.001) and object manipulation (F (3,331) = 2.818, p = 0.39). Post-hoc analysis revealed

Socio-demographic factors associated with GMS are reported in Table 3. After adjusting for

171

sex, GMS were negatively associated with age. GMS was also negatively associated with Socio-

172

economic status (SEIFA index; p < 0.05) and mother’s education (p < 0.005) after adjusting for age

173

and sex.

174

---- Insert Tables 2 and 3 here----

175
176

DISCUSSION

177

Our results show that GMS development is below average in almost a quarter of the children

178

assessed (23.3%). A comparable study in India among 121 toddlers (12-33 months)11 showed similar

179

results with only a small difference in locomotion (5% difference) in favor of the Indian sample.

180

When comparing results to a Portuguese sample of 162 children (aged 3 years)12, the current sample

181

scored lower on all subtests of the PDMS-2. Results can also be compared to the US norm sample.

182

The percentage of children scoring below average on the GMQ (23.3%) is comparable as ‘below

183

average’ was set at the 25th percentile. Results from the locomotor subtest showed more children

184

scored below average compared to the US norm sample (34.3%), whereas less children scored below

185

average for object manipulation (10.1%) and stationary skills (0.3%). Comparing the number of

186

children who scored ‘average’ to the US norm sample (50%), this number is higher for the GMQ

187

(69.8%) and the different subtests (ranging from 63.6% to 96.4%). The number of children scoring

188

‘above average’ (ranging from 2.1% to 8.7%) is lower compared to the US norm sample (25%).

189

Research has shown several factors have an influence on GMS and might therefore explain

190

differences in results between studies. Child characteristics such as sex and age seem to play an

191

important role in GMS13,14 and aforementioned studies were conducted in slightly different age groups

192

and sex distributions. Other child characteristics include intrinsic motivation and cognitive

193

development1,4, and the physical readiness of a child to move and develop GMS1. Family-related

194

characteristics that could have an influence on GMS include cultural background and parental

195

physical activity and sports participation, and environmental factors potentially influencing GMS

196

include ECEC-related factors (e.g. well-developed curricula) as these have a positive influence on

197

GMS14,22. As these factors were not assessed or reported in the current study or the other studies, no

198

conclusions could be drawn regarding their influence on GMS. These factors need to be examined in

199

more detail in further studies. More importantly, the relationships between GMS and different child-,

200

family-, and environmental factors are likely to be more complex as these factors might influence

201

each other. Therefore, there is also a need to examine the interactions between these factors and how

202

they change with age and development. Additionally, methodological differences such as sample size

203

(e.g. 335 children in the current study vs 121 in Indian study) may explain differences in results.

204

Within our sample, boys scored significantly higher than girls in the object manipulation. This

205

trend is also seen in preschoolers9,10, showing sex differences are consistently present in young

206

children. For locomotion, several differences were found between different sex and age groups.

207

Young girls scored better than older boys and young boys scored better than both older boys and girls.

208

This is line with previous research showing mixed results as some studies showed results in favor of

209

girls8,9, while others found no sex differences10,23. Sex differences in gross motor development in

210

young children are likely to be associated with social and environmental influences, such as family,

211

peers and teachers, and cultural background rather than biological or physiological factors24.

212

Therefore, it is important that parents, ECEC educators and policy makers are aware of these

213

differences to ensure that girls are provided with the most appropriate GMS opportunities, instruction

214

and feedback with the aim of fostering skill development. Additionally, sufficient opportunities

215

should be provided to boys with high object manipulation skills to ensure continuous skill

216

development.

217

Age was negatively associated with the GMQ, meaning that with increasing age children

218

scored lower. A similar result was seen examining sex and age differences for different subtests. For

219

locomotion, younger children (<20 months) scored better than older children (>20 months). For object

220

manipulation, younger boys scored better than older girls. Children increase their raw scores over

221

time (see Table 2), however, standardized scores (age- and sex adjusted scores) are lower for the older

222

age group. This reinforces the need for early intervention to prevent children from being at risk of

223

developmental delay and to promote healthy developmental trajectories. Most previous studies used

224

raw scores to examine age effects on GMS13,23. Raw scores have a larger range compared to

225

standardized scores, making them more sensitive to change and therefore commonly used in

226

intervention studies. However, the use of standardized scores is important for comparing differences

227

in GMS levels across age and sex.

228
229

Children with a low SEIFA Index scored higher than children with a middle or high SEIFA
Index. This is in contrast with the literature suggesting childhood poverty and a lower socio-economic

230

status have a negative influence on overall child development and GMS14,25. A potential explanation

231

includes more free play opportunities for children with a low SEIFA Index which can lead to some

232

skill enhancement even though actual teaching is needed for skill mastery7. Other potential

233

explanations include the distribution between socio-economic status (SEIFA Index) groups or the fact

234

that this generalized index, based on postcode of residence, is perhaps not accurate enough as

235

individual or preschool-related factors are not considered. More research will be needed to confirm a

236

relationship between socio-economic status and gross motor skills in toddlers.

237

A mother’s higher education was negatively associated with GMS; however, this was only

238

significant in half of the categories. Previous studies have found mixed results22,26. No significant

239

associations between mother’s education and GMS have been seen in children aged 18 months26,

240

whereas they are present in children aged 4 to 6 years22. These results imply that this association

241

might be influenced by the child’s age which is consistent with a longitudinal study on correlates of

242

poor development in preschoolers27.

273

Strengths of this study include the young age of participants, the relative large sample size

274

and the use of a validated GMS assessment. A limitation of this study is the use of US norms in

275

Australian toddlers, which means that our results should be carefully interpreted due to cultural

276

influences. There are currently no Australian norms available. Limitations regarding the methodology

277

include the cross-sectional design of the study which precludes causality, the selection of variables to

278

associate with GMS and the lack of inter- and intra-rater reliability assessments. Additionally, our

279

sample is not representative of Australian toddlers and therefore our results are not generalizable

280

beyond the population from which they were sampled.

281

Future studies should include longitudinal designs to track children over time and identify at

282

what age gross motor skills levels might be most sensitive to intervention. Research needs to examine

283

and identity what factors (including parental/family and environmental factors) explain potential

284

changes in GMS levels to identify where and how to potentially intervene. Additionally, country- and

285

cultural-specific norms for GMS assessments should be developed to increase the validity of

286

outcomes.

287

288

CONCLUSIONS

289

In this sample of Australian toddlers, the levels of GMS are associated with age and socio-

290

economic status. To our knowledge, this was the first study to examine the prevalence of GMS in

291

Australian toddlers and one of the first internationally. This study showed just over a third of the

292

children scored below average on the locomotion subtest and it is therefore recommended to include a

293

special focus on locomotion skills in GMS interventions. Additionally, girls scored significantly lower

294

than boys in object manipulation skills. Given that these sex differences are seen throughout

295

childhood13 and childhood object manipulation skills might be related to adolescent physical

296

activity28, a focus on object manipulation skills in girls is also recommended. Two recent papers have

297

examined an object manipulation intervention targeting girls29,30. Results were promising but more

298

interventions in this area are needed to target the sex differences observed and potentially target

299

physical activity.

300

The authors recommend early commencement of GMS promotion as young children are

301

willing to learn and practice, before poor techniques have developed and as differences in skill levels

302

are still small. These interventions should have a special focus on locomotor skills and girls’ object

303

manipulation skills. Early intervention can prevent children from being behind in their GMS

304

development when entering school and can promote a positive developmental trajectory.

305
306

Practical implications

307

•

GMS promotion should commence as early as possible.

308

•

GMS are associated with age, sex and socio-economic status.

309

•

The use of standardized scores are recommended for prevalence studies.

310
311
312
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Table 1: Participants’ characteristics.

Age (months)
Height (cm)
Weight (kg)
Body Mass Index (kg/m2)
Gross Motor quotient
Locomotion Raw score (range 0 - 178)
Locomotion Standard Score (range 1 -20)
Object Manipulation Raw score (range 0 - 48)
Object Manipulation Standard Score (range 1 -20)
Stationary Raw score (range 0 - 60)
Stationary Standard Score (range 1 -20)

Gross motor skills
(n = 335)
Locomotion
(n = 335)
Object Manipulation
(n = 335)
Stationary
(n = 335)
SEIFA indexd
(n=335)

Below average
Average
Above Average
Below average
Average
Above Average
Below average
Average (n, %)
Above Average
Below average
Average
Above Average
Low (decile 1 – 3)
Middle (decile 4 - 6)
High (decile 7 – 10)

All (n = 335)
mean ± SD
19.80 ± 4.08
82.36 ± 5.27
12.10 ± 1.58
17.84 ± 1.69
96.41 ± 9.84
88.58 ± 11.87
8.42 ± 2.21
14.30 ± 5.90
9.86 ± 2.20
38.84 ± 1.89
10.12 ± 1.24

Girls (n=155)
mean ± SD
19.69 ± 4.05
81.40 ± 5.53
11.72 ± 1.59
17.71 ± 1.75
96.30 ± 9.66
88.32 ± 12.88
8.52 ± 2.20
13.32 ± 6.11
9.53 ± 2.31
38.97 ± 2.18
10.23 ± 1.32

Boys (n=180)
mean ± SD
19.89 ± 4.12
83.19 ± 4.90
12.42 ± 1.50
17.96 ± 1.63
96.50 ± 10.03
88.81 ± 10.97
8.33 ± 2.21
15.14 ± 5.60
10.15 ± 2.06
38.73 ± 1.59
10.02 ± 1.17

n (%)
78 (23.3%)
234 (69.8%)
23 (6.9%)
115 (34.3%)
213 (63.6%)
7 (2.1%)
34 (10.1%)
272 (81.2%)
29 (8.7%)
1 (0.3%)
323 (96.4%)
11 (3.3%)
146 (43.6%)
135 (40.3%)
54 (16.1%)

n (%)
35 (22.6%)
110 (71.0%)
10 (6.5%)
49 (31.6%)
104 (67.1%)
2 (1.3%)
19 (12.3%)
125 (80.6%)
11 (7.1%)
0
146 (94.2%)
9 (5.8%)
61 (39.4%)
69 (44.5%)
25 (16.1%)

n (%)
43 (23.9%)
124 (68.9)
13 (7.2%)
66 (36.7%)
109 (60.6%)
5 (2.8%)
15 (8.3%)
147 (81.7%)
18 (10.0%)
1 (0.6%)
177 (98.3%)
2 (1.1%)
85 (47.2%)
66 (36.7%)
29 (16.1%)

pa
0.645
0.002b
0.000b
0.179b
0.455
0.483
0.348
0.003
0.001
0.757
0.295

0.885

0333c

0.422

-

0.293

Mothers’ Education
(n=230)

Primary school or Year 10 or equivalent
Year 12 or equivalent
Trade/apprenticeship/certificate
University degree
Post-graduate qualification
Mothers’ Employment Full-time
(n=231)
Part-time
Unemployed
e
Family Income
1 or 2 (low)
(n=198)
3
4
5
6 (high)

23 (10.0%)
37 (16.1%)
79 (34.3%)
59 (25.7%)
32 (13.9%)
92 (39.8%)
118 (51.1%)
21 (9.1%)
10 (5.1%)
41 (20.7%)
90 (45.5%)
42 (21.2%)
15 (7.6%)

14 (9.0%)
17 (11.0%)
43 (27.7%)
24 (15.5%)
17 (11.0%)
46 (40.0%)
59 (51.3%)
10 (8.37%)
7 (7.1%)
22 (22.2%)
44 (44.4%)
17 (17.2%)
9 (9.1%)

9 (5.0%)
20 (11.0%)
36 (19.9%)
36 (19.3%)
15 (8.3%)
46 (39.7%)
59 (50.9%)
11 (9.5%)
3 (3.0%)
19 (19.2%)
46 (46.5%)
25 (25.3%)
6 (6.1%)

391
0.389

392
393

0.979

394
395

0.408

396
397

398
399
400
401
402
403
404
405

a

Two-tailed Student’s t-test for continuous variables and Chi-square test for categorical variables.
Mann Whitney test.
c
Chi-square test was performed after collapsing the categories average and above average.
d
SEIFA Index: Australian Socio-Economic Index for Areas
e
Categories Family Income: 1 – one parent <A$580/week; 2 - both parents <A$580/week each; 3 - one parent <A$580/week and other between A$580 and
A$1240/week; 4 - both parents between A$580 and A$1240/week OR one parent <A$580 and other >A$1240; 5 - one parent between A$580 and
A$1240/week and other parent >A$1240; 6 - both parents >A$1240/week
b

406

Table 2: Prevalence of Gross Motor Skill Development by age.
Variable

Gross Motor skills
Locomotion

Gross Motor Quotient (range 35-165)
Raw score

Age <20 months (n = 178)
Girls
Boys
(n = 81)
(n = 97)
96.91 ± 8.34
98.26 ± 11.02
79.91 ± 8.60
82.05 ± 8.13

0.057
0.083

Age >20 months (n = 157)
Girls
Boys
(n = 74)
(n = 83)
95.62 ± 10.93
94.45 ± 8.34
97.51 ± 10.24
96.70 ± 8.25

pa

pa
0.503
0.899

(range 0 - 178)
Object
Manipulation
Stability

Standard Score (range 1 -20)
Raw score
(range 0 - 48)
Standard Score (range 1 -20)
Raw score

8.84 ± 1.97
9.89 ± 5.27

9.05 ± 2.15
11.69 ± 4.58

0.727
0.003

8.18 ± 2.40
17.08 ± 4.58

7.49 ± 1.99
19.17 ± 3.67

0.087
0.001

9.62 ± 2.34
37.91 ± 0.74

10.33 ± 2.25
37.98 ± 1.14

0.003
0.551

9.43 ± 2.29
40.14 ± 2.61

9.94 ± 1.80
39.61 ± 1.61

0.196
0.641

10.11 ± 0.76

10.06 ± 1.04

0.745

10.35 ± 1.73

9.98 ± 1.31

0.269

(range 0 - 60)
Standard Score (range 1 -20)

407

a

Mann-Whitney Test

408
409

18

410

Table 3: Socio-demographic factors associated with Gross Motor Skill Development (GMQ)
Variable
Age
Sex
BMI
SEIFA Index

Mothers’ Education

Mothers’ Employment

Family Incomec

411
412
413
414
415
416
417

Girls (reference)
Boys
Low (reference)
Middle
High
Primary school or Year 10 or equivalent (reference)
Year 12 or equivalent
Trade/apprenticeship/certificate
University degree
Post-graduate qualification
Employed full-time (reference)
Employed part-time
Not employed
1 and 2 (low) (reference)
3
4
5
6 (high)

Unadjusted Models
B
95% CI
-0.486*
[-0.754, -0.217]

Adjusted Modelsa
B
95% CI
-

0.203
0.415

[-1.842, 2.249]
[-0.244, 1.075]

0.300
0.061

[-1.731, 2.331]b
[-0.529, 0.651]

-2.334
-3.416*

[-4.982, 0.313]
[-6.637, -0.194]

-2.740*
-3.589*

[-5.244, -0.236]
[-6.812, -0.365]

-5.213*
-3.069
-4.229
-4.567

[-10.410, -0.015]
[-7.492, 1.354]
[-8.488, 0.029]
[-9.706, 0.573]

-5.216*
-3.298
-4.170*
-4.775

[-10.340, -0.092]
[-7.710, 1.114]
[-8.324, -0.017]
[-10.213, 0.664]

-2.878*
-2.465

[-5.500, -0.256]
[-6.872, 1.943]

-2.575
-1.785

[-5.239, 0.089]
[-6.211, 2.641]

-1.068
-0.700
-0.514
-3.533

[-8.200, 6.063]
[-6.218, 4.817]
[-6.633, 5.605]
[-11.238, 4.165]

-0.781
-0.935
-0.176
-2.775

[-7.562, 6.001]
[-6.234, 4.363]
[-6.033, 5.682]
[-9.956, 4.406]

a

Adjusted for sex and age
Only adjusted for age.
c
Categories Family Income: 1 – one parent < 580 $ / week, 2 - both parents < 580 $ / week each, 3 - one parent < 580 $ / week and other > 580 $ / week, 4 both parents between 580 $ and 1240 $ / week OR one parent < 580$ and other > 1240 $, 5 - one parent between 580 $ and 1240 $ / week and other parent
>1240 $, 6 - both parents > 1240 $ / week
* p < 0.05
b
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